Eastern Illinois University

The Keep
Masters Theses

Student Theses & Publications

1996

Physiological Responses Among Power Air Ball,
Spri Tube, and Arm Movement During Step
Aerobics
Lisa Dallas
Eastern Illinois University

This research is a product of the graduate program in Physical Education at Eastern Illinois University. Find
out more about the program.

Recommended Citation
Dallas, Lisa, "Physiological Responses Among Power Air Ball, Spri Tube, and Arm Movement During Step Aerobics" (1996). Masters
Theses. 1925.
https://thekeep.eiu.edu/theses/1925

This is brought to you for free and open access by the Student Theses & Publications at The Keep. It has been accepted for inclusion in Masters Theses
by an authorized administrator of The Keep. For more information, please contact tabruns@eiu.edu.

THESIS REPRODUCTION CERTIFICATE
TO:

Graduate Degree Candidates (who have written formal theses)

SUBJECT:

Permission to Reproduce Theses

The University Library is rece1v1ng a number of requests from other institutions
asking permission to reproduce dissertations for inclusion in their library
holdings. Although no copyright laws are involved, we feel that professional
courtesy demands that permission be obtained from the author before we allow
theses to be copied.

PLEASE SIGN ONE OF THE FOLLOWING STATEMENTS:
Booth Library of Eastern Illinois University has my permission to lend my
thesis to a reputable college or university for the purpose of copying it for
·
r research holdings.

I respectfully request Booth Library of Eastern Illinois University not allow
my thesis to be reproduced because:

Author

Date

PHYSIOLOGICAL RESPONSES AMONG
POWER AIR BALL, SPRI TUBE, AND ARM MOVEMENT
DURING STEP AEROBICS
(TITLE)

BY

Lisa Dallas

THESIS
SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF

Master of Science
IN THE GRADUATE SCHOOL, EASTERN ILLINOIS UNIVERSITY
CHARLESTON, ILLINOIS

1996
YEAR

I HEREBY RECOMMEND THIS THESIS BE ACCEPTED AS FULFILLING
THIS PART OF THE GRADUATE DEGREE CITED ABOVE

ABSTRACT

PHYSIOLOGICAL RESPONSES AMONG POWER AIR BALL, SPRI TUBE,
AND ARM MOVEMENT DURING STEP AEROBICS

Lisa Dallas

This study compared caloric expenditure between three step aerobic dance
routines (STEP) using the same arm movements; one without any upper
body resistive exercise product (ARM), one with a 2 lb. Power Air Ball
(BALL), and one with a Spri Tube (TUBE). Twenty-seven college aged
females familiar with step aerobics volunteered to be subjects. Maximal
oxygen uptake was measured using the Bruce protocol. A 55 minute video
was followed for each of the STEP routines to control for arm and leg
movement. The order of the STEP routines was randomly assigned. An
Aerosport TEEM 100 gas analyzer calculated and recorded oxygen uptake
(V02), minute ventilation (VE), caloric expenditure (KCAL), and carbon
dioxide production (VC02) every 20 seconds. A Polar heart monitor stored
heart rates (HR) every 30 seconds and a rating of perceived exertion
(RPE) was obtained every five minutes. The mean V02 (Umin) for ARM,
BALL, and TUBE was 1.52, 1.61, and 1.50, respectively. The mean KCAL
(kcals/min) for the ARM, BALL, and TUBE was 7.65, 8.05, and 7.53,
respectively. The mean HR (bpm) for ARM, BALL, and TUBE was 159,
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166, and 159, respectively. V02, KCAL, and HR were significantly higher
(p < .05} during BALL. The mean RPE was statistically higher (p < .05}
with TUBE. The findings suggest that although BALL produced higher
V02, KCAL, and HR, it was not perceived as more strenuous than the
ARM or TUBE STEP routines.
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CHAPTER I

INTRODUCTION

Identification of the Problem

Step aerobic exercise for cardiovascular training has swept the fitness
industry from its introduction in 1989. Gin Miller is noted as the pioneer behind
the usage of step aerobics for fitness benefits and weight management in
addition to rehabilitation purposes. The commercial and personal attraction to
step aerobics is its low cost, low injury risk, minimal space involvement, simplicity
of movement, and high fitness benefit yield for most of the population (Brink, S.,
1995; Francis, L. L., 1993; Malanka, S., 1990; Rumpf, E. A., 1991; Todaro, J.,
1992). However, few studies have physiologically compared the various styles
or variations of step aerobics. The most typical physiological measurements
used for such comparisons are caloric cost (KCAL), heart rate (HR), oxygen
uptake(V02), and rating of perceived exertion (RPE). Studies which compare
different step aerobic techniques often report differing physiological responses.
(Francis, P.R., Poliner, J., Buono, J. J., and Francis, L.L., 1992; Goss Robertson,
R. J., Spina, R. J., Auble, T. E., Cassinelli, D. A., Silberman, R. M., Galgreath, R.
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W., & Metz, K. F., 1989; Scharff-Olson, M., Williford, H. N., Blessing, D. L., and
Greathouse, R., 1991 ).
Caloric expenditure (KCAL) can vary between different styles of stepping.
In fact, some styles have been developed to further increase caloric expenditure.
For example, the involvement of arm movement while doing aerobic activity
typically increases caloric expenditure (Francis et al., 1992). In comparison,
using arm movement as a factor, significant differences in energy requirement
due to vigorous arm activity instead of increased leg activity were observed
between high impact/low intensity and low impact/high intensity, with rates of 8.8
kcal/min and 8.0 kcal/min, respectively (Williford, H. N., Scharff-Olson, M., and
Blessing, D. I., 1989, Williford, H. N., Blessing, D. L., Olson, M. S., and Smith, F.
H., 1989). Overall, adding arm movement to aerobic dance seems to increase
caloric expenditure.
A confounding factor is whether upper body resistance is added in order
to increase caloric expenditure while participating in aerobic dance or bench
stepping (Francis et al., 1992; Goss et al., 1989; Rupp, J.C., Johnson, B.
F.,Rupp, D. A., and Ganata, G., 1992; Scharff-Olson et al., 1991). Goss et al.,
(1989) evaluated the caloric cost expenditure of stepping with two different hand
weights. The results showed significant increases in caloric expenditure for both
.91 kg and 1.82 kg weight increments when compared to stepping without
weights. When comparing aerobic dance routines with and without hand-held
weights, some studies did not observe significant increases in caloric
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expenditure for low impact aerobic routines using 1 lb. (.45 kg) (Conerly et al.,
1988; Yoke et al., 1988; Bronstein et al., 1988).
Caloric expenditure is positively related to V02, HR and RPE. Therefore,
these values are often used as indicators of energy expenditure. V02
differences with various arm and leg combinations have been associated with
the amount of muscle mass involved with the exercises (Bergh, U.,Kanstrup, I.

L., and Eckblom, B., 1976; Collins, M.A., Cureton, K. J., Hill, D. W., and Ray, C.
A., 1991; Graves, J. E., Pollock, M. I., Montain, S. J., Jackson, A. S., and
O'Keefe, J. M., 1987; Secher, N. H., Ruberg-Larsen, N., Binkhorst, R. A., and
Bonde-Petersen, F., 1974; Vokac, Z., Bell, H., Bautz-Holter, E., and Rodahl, K.,
1975). Furthermore, Scharff et al., (1991) showed a significantly higher V02
value for female subjects stepping on a 20.3 cm bench using .91 kg hand-held
weights compared to no hand-held weights. Francis et al., (1992) also
displayed a significantly higher V02 for subjects stepping on a 20.3 cm bench
with arm movement as opposed to no arm movement.
Higher heart rates during aerobic exercise have been attributed to
excessive overhead arm movements or the position of the arms while exercising
aerobically (Astrand, I., Guharay, A., and Wahres, J., 1968; Cummins, T. D., and
Gladden, L. B., 1983; Davies, C. T. M., and Sargeant, A. J., 1974; Parker, S. B.,
Hurley, B. F., Hanlon, D. P., and Vaccaro, P., 1989). Bell and Bassey (1994)
studied heart rates with four different types of aerobic dance. Although heart
rate increased with arm movement, no significant increase in oxygen uptake was
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found. Otto, R. M., Parker, C. A., Smith, T. K., Wygand, J. W., & Perez, H. R.,
(1986), and Williford et al., (1989) reported similar heart rates for high impact/low
intensity and low impact/high intensity aerobic routines at different levels of
caloric expenditure. However, Rupp et al., (1992) compared 20.3 cm bench
height using .91 kg hand held weights found no significant difference in V02 or
HR when compared to bench heights of 15.24 cm, 20.32 cm, and 25.4 cm using
no hand-held weights.
Rating of perceived exertion (RPE) is an accepted indicator of aerobic
intensity (Borg, G. A. V., 1982; Dunbar et al., 1992). Williford et al., (1992)
reported similar RPE responses of 13.93 - 12.53, for three aerobic dance styles,
high impact/high intensity, high impact/low intensity, and low impact/high
intensity, respectively. Scharff-Olson, M., Williford, H. N., & Smith, F. H. , (1992)
observed RPE values of 10.60 - 13.40 for aerobic step study using bench
heights of 6 inches - 12 inches, 20 minutes each, respectively. The higher RPE
factor would indicate a higher caloric expenditure or greater level of discomfort
experienced by the subject being tested.
With all the various factors which can influence step aerobics responses,
it is important to quantify the physiological differences in various products used
during step aerobic. For example, a precise knowledge of the amount of energy
expenditure would help assist exercise prescription for weight loss. HR and RPE
responses would help with exercise prescription for cardiovascular
improvements. One new product, the Power Air Ball, has been developed to
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increase caloric expenditure while bench stepping. The Power Air Ball (BALL) is
a 1O" foam sphere with a hole drilled through the center. This allows for the
addition of up to two 1 lb. hand-held weights. A vinyl jacket slips around the ball
and is secured by a zipper. Two resistive bands encircle the Power Air Ball and
are held in place by two Velcro tabs attached on the jacket at opposite ends of
the ball. The weight of the BALL or using its bands as resistance are intended
to increase energy expenditure through increased upper body involvement. A
competing and existing upper body resistive, elastic band, aerobic product, Spri
Tube (TUBE), also allows for increased caloric expenditure by adding resistance
to arm movement while stepping. The Spri Tube weighs at most 6 oz. and varies
in its resistive features depending on the color of the tube, yellow for beginner,
green for intermediate, red for advanced, blue for athlete level of ability.
The purpose of this study is to compare KCAL, V02, HR, and RPE among
three different styles of bench step aerobics: one with arm movement only, one
with the Spri tube, and one with the Power Air Ball.

Statement of the Problem

The results of this study will help quantify the physiological responses of a
new upper body resistive product, the Power Air Ball, used with step aerobic
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compared to another established product (Spri tube) and a traditional method
without any resistive device.

Hypotheses

1.

There is no difference in KCAL among the BALL, TUBE, and ARM
exercise modes while performing step aerobic exercise.

2.

There is no difference in V02 among the BALL, TUBE, and ARM exercise
modes while performing step aerobic exercise.

3.

There is no difference in HR among the BALL, TUBE, and ARM exercise
modes while performing step aerobic exercise.

4.

There is no difference in RPE among the BALL, TUBE, and ARM exercise
modes while performing step aerobic exercise.

L
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Limitations

1.

The study was limited to 35 subjects. Difficulty was experienced in finding
and retaining subjects who were experienced steppers. Step aerobic
exercise requires skill and coordination.

2.

Lack of step aerobic pattern knowledge may increase the variability of
V02, HR, RPE, and KCAL values obtained during experimentation.

3.

Eight of the original 35 dropped out due to scheduling conflicts, injury, and
personal reasons.

4.

Unfamiliarity with using the BALL and SPRI tube may have increased the
variability of V02, HR, RPE, and KCAL values recorded during the
exercise sessions.

5.

Apprehension experienced by the subjects while trying to follow the
videotape in the presence of the investigator may have affected some of
the results.

L
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Definition of Terms

Caloric Expenditure (KCAL). "A measure used to express the heat or energy
value of food and physical activity. The amount of heat necessary to raise the
temperature of 1 kg (1 liter) of water 1° C, from 14.5 - 15.5°C." (McArdle, W. D.,
Katch, F. I., Katch, V. L., 1991, p. 85).

Heart Rate. "The number of ventricular beats per minute" (Astrand, P. & Rodahl,
K. 1986, p. 738).

Oxygen Uptake (V02). The volume of oxygen (STPD) extracted from the
inspired air, expressed in liters per minute or milliters per kilogram per minute.
(Astrand, P. & Rodahl, K., 1986).

Step Aerobics. Aerobic exercise routines performed with the aid of a bench step.

Rating of Perceived Exertion (APE). The APE scale consists of numbers from 6
to 19 which relate the physiological stress to exercise intensity. A descriptive
phrase next to the odd numbers on the scale depict the intensity and move from
low to high exertion levels. (Borg, G.A., 1982)
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Power Air Ball (BALL). Resistive weighted exercise tool used to enhance both
cardiovascular endurance and upper body strength. (Patricia Bates, inventor,
1993, Beverly Hills, CA 90212).

Spri tube (TUBE). Resistive exercise tool used to enhance both cardiovascular
endurance and upper body strength. (Spri Products, Inc., 1684 Barclay Blvd,
Buffalo Grove, IL 60089).
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CHAPTER II

REVIEW OF LITERATURE

Introduction

There is rising national concern about the sedentary lifestyles of adults.
The Centers for Disease Control and Prevention along with the President's
Council on Physical Fitness and Sports stated that approximately one in four
women are engaged in regular physical activity (Pate, R., Pratt, M., Blair, S. N.,
Haskell, W. L., Macera, C. A., Bouchard, C., Buchner, D., Ettinger, W., Heath, G.
W., King, A. C., Kriska, A., Leaon, A.

s., Marcus, B. H., Morris, J., Paffenbarger,

R. S., Patrick, K., Pollock, M. L., Rippe, J. M., Sallis, J., & Wilmore, J. H., 1995).
Many of those who do exercise regularly fail to meet the American College of
Sports Medicine (ACSM) guidelines of aerobic fitness. The ACSM
recommendation is three days for 20 - 60 minutes working at 60 - 90% maximum
heart rate (HRmax) or 50 - 85% of maximum oxygen uptake (V02 max)
(American College of Sports Medicine, 1990). Exercise provides a means to
reduce body fat, or to reduce, reverse, or help prevent several diseases such as
heart disease, non insulin dependant mellitus diabetes, some types of cancers,
and osteoporosis. Typically adults want to know what type of exercise will help
them improve their cardiovascular endurance and burn the greatest number of
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calories. Step aerobic exercise is one method used to achieve cardiovascular
endurance using a low impact exercise due to the reduced large muscle
involvement, decreased extremity impact, and slower tempo music. Various
factors of aerobic dance are manipulated to increase caloric expenditure.

Caloric Expenditure

Step aerobic exercise for cardiovascular training allows for the use of a
large number of muscle groups from the upper and lower body. It is theorized
that caloric expenditure (KCAL) during aerobic dance depends on the amount of
muscle mass involved (Bergh et al., 1976; Collins et al., 1991; Davies et al.,
1974; Secher et al., 1974; Vokac et al., 1975). Similar findings of large muscle
mass leading to increased caloric expenditure has been observed with high
impact and high intensity aerobic dance studies (Claremont, A. D., Simowitz, S.
A., Boarman, M.A., Asbell, A. 0., and Acferoth, S. J., 1986; lgbanugo, V. and
Gutin, B., 1978; Nelson, D. J., Pels, A. E., Geenen, D. L., and White, T. P., 1988;
Otto, R. M., Parker, C. A., Smith, T. K., Wygand, J. W., and Perez, H. R., 1986;
Otto, R. M., Yoke, M., Wygand, J., and Kamimukai, C., 1988; Weber, H., 1974).
High impact and high intensity aerobic dance studies have shown energy
expenditure values of 8.59 - 10.71 kcal/min while low impact and medium to high
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intensity aerobic dance studies have exhibited 6.2 - 10.7 kcal/min values
(Claremont et al., 1986; lgbanugo, V. and Gutin, B., 1978; Nelson et al., 1988;
Otto et al., 1986; Otto et al., 1988; Weber, H., 1974). However, low impact and
low intensity movement aerobic dance studies revealed low caloric expenditure
values of 3.8 - 4.93 kcal/min (Hufhand, 0., Crowe, L., Whaley, M., and BanningSchafter, P., 1988; Weber, H., 1974; Williford, H. N., Blessing, D. L., Olson, M.
S., and Smith, F. H., 1989).
Step aerobic exercise is considered a low impact exercise due to the
reduced large muscle involvement, decreased extremity impact, and slower
tempo music. However, caloric expenditure during aerobic dance can vary
considerably depending on the style of aerobic dance (Otto et al., 1988).
Significant caloric expenditure differences were observed between differing high
and low impact aerobic routines, 8.8 and 8.0 kcal respectively, during the
Williford et. al, (1989) study.
Furthermore, the degree of arm movement is one factor which can vary
between aerobic dance styles. Typical arm movement while stepping on a
20.3 cm (8 inch) bench was compared to stepping without arm movement.
Results showed a significantly higher caloric expenditure with the arm movement
(Francis et al., 1992). Adding hand held weights also affects caloric expenditure
while participating in aerobic dance.
Conerly et al., (1988), Yoke et al., (1988) and Bronstein et al., (1988) did
not observe significant increases in caloric expenditure of low impact aerobic
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routines using 1 lb. (.45 kg) hand weights when compare to non-weighted
aerobic dance routines. Makalous, S. L., Araujo, J., & Thomas,T. R., (1988)
showed similar findings for walking with 1 lb. (.45 kg) hand weights as compared
to non-weighted walking. Goss et al., (1989) showed significant increases in
caloric expenditure for both .91 kg and 1.82 kg hand weights while bench
stepping. However, Rupp et al., (1992) observed no significant difference using
.91 kg hand held weights at the 20.3cm bench height. Similarly, Toner et al.,
(1989) did not show significant differences between stepping with .91 kg hand
weights. One recent study evaluated the caloric cost expenditure of stepping on
a 34.6 cm (13.62 inch) bench and moving .91 kg (2 lb.) and 1.82 kg (4 lb.) hand
weights through a limited range of motion for five minutes during six different test
trials (Goss et al., 1989). A significant increase in caloric expenditure was
noticed for both weight increments when compared to stepping without weights.
Graves et al., (1987) showed significant increases in caloric expenditure while
walking with 3 lb. hand weights. After reviewing recent studies, it is apparent
that using hand-held weights of at least .91 kg or more is required to show a
significant increase in KCAL during step aerobic dance.
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Heart Rate & Oxygen Uptake

Like caloric expenditure, heart rate (HR) and oxygen uptake (V02)
responses while doing arm exercise with leg exercise are dependent upon
dynamic versus static, number of repetitions, bench height, total muscle mass
involved, and arm level of exercise (Bergh et al., 1976; Berry, M. J., Cline, C. C.,
Berry, C. B., and Davis, M., 1992; Davies, C. T. M., and Sargeant, A. J., 1974;
Graves et al., 1987; Sacher et al., 1974; Toner, M. M., Glickman, E. L., and
McArdle, W. D., 1990; Vokac, Z., Bell, H., Bautz-Holter, E., and Rodahl, K.,
1975). A seven week training study performed by Milburn and Butts (1983)
compared jogging to aerobic dance. Both modalities showed equal
improvements in V02max and HRmax when similar training intensities,
frequencies, and durations were employed. Williford, H. N., Richards, L.A.,
Olson, M. S., Blessing, D. L., Gauger, S., and Brown, J., (1995) observed 49
college aged females during a ten week training study which divided the group
into bench aerobics, running, and control groups. At an intensity of 70 - 90%
HRmax, both exercise groups produced similar changes in V02. Low impact
aerobics with multidirectional movements involving a substantial number of large
muscles showed similar V02 values as to high impact aerobics (Otto et al.,
1986; Otto, R. et al., 1988; Yoke M., Otto, R. M., Wygand, J., and Larsen, P.,
1988). It is observed that stroke volume usually drops when arms and legs are
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exercised together, this may partially explain the lack of difference in HR and
V02 while stepping with .91 kg hand weights (Astrand, I., Guharay, A., and
Wahres, J., 1968; Toner et al., 1990).
Increased heart rates are not always an indicator of higher caloric costs.
The suggested reason seems to be an increased sympathetic activity which may
cause HR to misrepresent oxygen uptake and overall exercise intensity
(American College of Sports Medicine, 1990). Excessive overhead arm
movements or the position of the arms while exercising aerobically has shown to
provide higher heart rates (Astrand et al., 1968; Casaburi, R., Barstow, T. J.,
Robinson, T., & Wasserman, K.,1992; Parker et al., 1989). However, Berry et
al., (1992), observed no statistical difference with V02 and HR when comparing
arm movements above or below the head to treadmill running results. Bell J. M,
and Bassey, E. J., (1994) compared high impact and low impact aerobic dance
using progressively more intense arm movement to view the relationship to HR
and V02. Their results showed higher a HR of 174 bpm for high impact as
compared to 135 bpm for low impact aerobic dance without any significant
difference in V02 between the two methods. All though HR and V02 are
typically good indicators of intensity and caloric expenditure, other physiological
responses in addition to HR and V02 need to be measured to observe more
accurately the changes that occur during aerobic dance.
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Rating of Perceived Exertion

Rating of perceived exertion (RPE) is often an accepted indicator of
aerobic intensity (Borg, G. A. V., 1982; Dunbar et al., 1992). Williford et al.,
(1989) reported similar RPE responses of 13.93 - 12.53, for three aerobic dance
styles, high impact/high intensity, high impact/low intensity, and low impact/high
intensity, respectively. Scharff-Olson et al., (1991) observed RPE values of
10.60 - 13.40 for aerobic step study using bench heights of 6 inches - 12 inches,
20 minutes each, respectively. Thomas and Londree (1989) showed RPE
ranges of 11.70 - 10.30 at 65% HRmax and 13.60 - 12.1 O at 75% HRmax for
treadmill walking and jogging. Similarly, Graves et al., (20) found similar RPE
ranges of 11. 70 - 13.30 for treadmill trials at 60% - 75% HRmax without hand held weights, and 11.30 - 13.30 for the same intensity with 1 lb. hand-held
weights. Only with 3 lb. weights were RPE values significantly higher (13.00 14.30). Similar to V02, apparently 3 lbs. of resistance is required to show a
significant increase in RPE.

17

Summary

Most physiological responses usually do not show a significant increase
during aerobic step sessions until at least 2 - 3 lbs. of resistance is added to the
arm movements.
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CHAPTER Ill

PROCEDURES

Introduction

Caloric expenditure, oxygen uptake, heart rate, and rating of perceived
exertion may be utilized to monitor intensity during step aerobic exercise. This
study was designed to compare these variables between two different upper
body, resistance exercise tools, the Power Air Ball and Spri Tube, used during
step aerobics. The description of subjects, experimental setting, mode,
treatment data are included within this chapter.

Setting

Experimentation was completed at the Eastern Illinois University Human
Performance Laboratory. The room temperature ranged from 73-82 degrees
Celsius. A large fan was provided to maintain subject comfort during all exercise
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sessions.

Subjects

Thirty-five female subjects enrolled at Eastern Illinois University
volunteered for the study. Subjects became aware of the study from
informational letters about the study sent to EIU Physical Education Department
instructors. Of the 35 subjects, 2 were aerobic instructors for the EIU Student
Recreation Center. The other participants have been involved in step aerobics
for at least a year and were familiar with step aerobic exercise. Nine subjects
included weight training in their fitness routines. None of the subjects were
familiar with the Spri Tube or Power Air Ball. Physical characteristics of the
subjects are listed in Table 1.
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Table 1: Physical characteristics of subjects.

Age (yrs)

Mean
20.41

SD
± 2.76

Range
18.00 - 30.00

Weight (lbs)

135.37

± 16.33

105.00 - 166.00

HR max (bpm)

186.93

± 8.07

174.00 - 204.00

Height (inches)

64.98

± 2.24

60.50 - 69.50

V02 max (Umin)

2.42

± 0.63

V02 max (ml/kg/min)

39.83

± 11.14

27.10 - 63.10

Percent Body Fat(%)

25.15

±

3.65

19.90 - 32.60

Body Mass Index

22.16

± 2.50

18.10 - 29.10

2.74

± 0.59

2.00 -

Perceived Fitness Level *

1.67 -

3.38

4.00

Perceived Fitness Level was based on the subject's opinion of their current
fitness with 1 being poor to 4 being excellent.
*

Test of Maximal Oxygen Uptake

Subjects reported to the Human Performance Laboratory on four separate
occasions. On the first visit, each subject received procedure information
regarding the investigation (Appendix A). They completed and signed an
informed consent (Appendix B), a release of liability forms (Appendix C), and an
exercise history questionnaire (Appendix D). Next, height, weight, and percent
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of body fat were recorded (Appendix E). Percent of body fat was determined by
three skinfold site measurements at the triceps, abdominal, and sacroiliac crest.
The same investigator took all body composition measurements to maintain
consistency of measurements and decrease the possibility of differences in
measurements due to different investigators.
Each subject then was given an oral and visual orientation about the
graded maximal exercise treadmill test (GXT). Subjects were fitted with a Polar
Pacer heart rate monitor, positioned on the Quinton 2000 Treadmill and then
fitted with an appropriate mouth piece, moderate flow pneumotach (VE range of
10 - 120 Umin), and nose clips. The subjects then underwent a V02 max
treadmill test using the Bruce protocol. During each stage of the test, expired
gases were analyzed by using an Aerosport TEEM 100 metabolic system
calibrated to manufacturer's specification. Ventilation (VE) was measured with a
moderate flow pneumotach. Percent 02, percent C02, VE, and KCAL were
measured every 20 seconds from which V02 and carbon dioxide production
(VC02) were determined. An Epson FX-86e printer provided a printed copy of
the calculations every 20 seconds. A previously recorded videotape used during
the step exercise sessions was played as background music during the test to
control for any music affects between the treadmill test and the step aerobic
sessions.
Heart rate was recorded directly by the Aerosport TEEM 100 metabolic
with a Polar HR receiver module system every 20 seconds. RPE was recorded
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manually every 60 seconds from the standard Borg scale (Appendix F).
Subjects extended their index finger or nodded when the number reflecting their
ability was read aloud by the investigator. Termination of the test occurred
when the subject reached fatigue which related to an RPE of 17-19, or 85%
estimated maximum target heart rate. Maximal V02 values were used to
quantify the intensity level of the step aerobic results. After a ten minute active
recovery period, the subjects were seated and viewed the pre-recorded video of
the bench step routine involving all styles of the upper body treatment methods
to be required during the step aerobic sessions. This orientated the subjects to
the step aerobic exercise sessions and allowed time to answer any questions
regarding the techniques to be used.

Step Aerobic Exercise Sessions

The first step aerobic test was performed a minimum of 48 hours after the
treadmill test. Upon arrival at the Human Performance Laboratory, each subject
drew a lottery number to decide which of the three exercise modes would be
completed first. A Polar Pacer heart rate monitor was fitted onto the subject.
The same gas analysis system used for the treadmill test was used for each
aerobic test session. The Aerosport TEEM 100 metabolic system was mounted
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on a moveable cart so the subjects would have an unrestricted range of motion
during the step test.
Subjects were briefed about the exercise procedures, the exercise
equipment, and the gas analysis tubing. All step exercise sessions were
performed using a Reebok bench step at the 20.3 cm (8") height. The workout
sessions included step aerobics with the Power Air Ball (BALL) weighted at
.91 kg, step aerobics with the green intermediate Spri tube (TUBE), and step
aerobics with arm movement and no treatment (ARM). KCAL, V02, and HR
were recorded every 20 seconds. RPE was recorded every 5 minutes during the
cardiovascular section of the aerobic sessions.
All workout sessions required the subject to follow the same professional
previously recorded 57 minute video tape showing all three of the different arm
treatments for the same general routine using the same music. Subjects
followed the instructions of an individual doing the arm treatment on the video as
indicated by the lottery number drawn. The video tape provided a seven minute
warm-up, a 45 minute step session with music at a constant 120 bpm, and a five
minute warm down period. Subjects were encouraged to do all movements
within their capability and to the best of their ability. Upon completion of the
exercise sessions, subjects were asked to rate the effectiveness of their workout
using the particular upper body exercise tool. Perception of the workout and
opinions of the subjects about the fitness tools were collected as feedback to the
inventor of the Power Air Ball (Appendix G). The other two exercise sessions

24
were conducted in the same manner after at least a 48 hour period between
sessions.

Statistical Analysis

The Statistical Analysis System (SAS) program was used to perform a
multivariate analysis of variance (MANOVA) using a general linear model
procedure. Tukey's studentized range test for dependant variables was utilized
for the MANOVA testing to determine significant differences.
An alpha level of .05 was used to determine significance for all statistical
procedures.
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Chapter IV

RESULTS

Introduction

This study was designed to evaluate the caloric expenditure (KCAL),
oxygen uptake (V02), heart rate (HR), and rating of perceived exertion (RPE)
between two different upper body resistive products used during aerobic bench
step sessions. Furthermore, V02, HR, and RPE responses during the step
sessions were compared to the ACSM guidelines for proper exercise intensity.

Means for Test Modes

Data, KCAL, V02, HR, and RPE, were gathered every five minutes
beginning at minute 10 for each aerobic step session. Minute means for each
subject were calculated at minutes 10, 15, 20, 25, 30, 35, 40, and 45. The
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means at each minute were used to calculate the overall mean for each step
aerobic test session (Table 2).

Table 2. Overall mean values and standard deviations for three step aerobic test
sessions.
ARM
V02 (Um)
V02 (ml/kg/min)
KCAL (kcals/min)
HR (bpm)

BALL

TUBE

1.53 ± 0.273

*

1.61 ± 0.321

1.50 ± 0.329

24.91 ± 3.482

*

26.16 ± 3.902

24.37 ± 3.933

7.65 ± 1.403

*

8.05 ± 1.614

7.53 ± 1.663

159.29 ± 16.930

± 17.590

159.22 ± 14.390

12.71 ± 1.350

+12.88 ± 1.230

* 166.59

RPE

12.31 ± 1.456

Percent HRmax
(%)

85.21 ± 8.397

*

89.13 ± 8.762

85.20 ± 7.901

Percent V02max
{%}

62.52 ± 14.490

*

65.77 ± 17.040

62.22 ± 16.540

* indicated p < 0.05 compared to ARM & TUBE
+indicated p < 0.05 compared to ARM

Table 2 displays the means for each 45 minute aerobic test session. The
mean maximal percent heart rate (HRmax) and percent V02 (V02max) are
percentage HR and V02 values relative to each subjects maximal GXT results
values.
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Caloric Expenditure (KCAL)

Values for KCAL were significantly higher for the BALL at 8.05 ± 1.614
kcals/min, compared to ARM and TUBE test sessions at 7.65 ± 1.403 kcals/min
and 7.53 ± 1.663 kcals/min, respectively. Total KCAL expenditure for BALL,
ARM, and TUBE were 362.25, 344.25, and 338.85, respectively.

Oxygen Uptake (V02)

The BALL V02 was found to be significantly higher (p < .05) at 1.61 ±
.321 (Umin) when compared to ARM and TUBE V02 of 1.53 ± .273 (Umin) and
1.50 ± .329 (Umin), respectively. Figure 2 illustrates the mean absolute V02
values every 5 minutes during the STEP sessions. When V02 was expressed in
relative terms, the BALL was significantly higher (p < .05) at 26.16 ± 3.902
(ml/kg/min), compared to ARM and TUBE values of 24.91 ± 3.482 (ml/kg/min),
and 24.37 ± 3.933 (ml/kg/min), respectively. As shown in Figure 3, the BALL
represented a significantly higher percentage of percent V02max
65.77 ± 17.04 (%)compared to the ARM and TUBE values of 62.52 ± 14.49 (%)
and 62.22 ± 16.54 (%), respectively. These percent V02max values for each
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step aerobic style are within the required 50 - 85 (%) of V02max, according to
the ACSM guidelines (1990) for each step aerobic style.

Heart Rate (HR)

Heart rate was significantly higher (p < .05) during BALL at 166.59 ±
17 .59 (bpm) compared to ARM and TUBE values of 159.29 ± 16.93 (bpm) and
159.22 ± 14.39 (bpm), respectively (Figure 5). Figure 6 illustrates percent of
HRmax (%HRmax) during step aerobic tests. During BALL, %HRmax was 89.13

± 8.762 (%)compared to the ARM and TUBE values of 85.21 ± 8.397 (%)and
85.20 ± 7.901 ( %), respectively. Overall, HR values climbed steadily from
minute 10 to 45 with a range of 150.62 - 168.24 (bpm). Minutes 20 and 30
contained the peak values of 168.24 (bpm) and 164.92 (bpm), respectively. HR
means for 45 minute step routines during all test modes indicated that HR
response was within the 60-90 % HRmax training zone suggested by the ACSM
guidelines (1990).

L

29
Rating of Perceived Exertion (RPE)

Rating of perceived rate of exertion (RPE) for the TUBE was significantly
higher (p < .05) at 12.88 ± 1.23 over the BALL and ARM values of 12.71 ± 1.350
and 12.31 ± 1.456 respectively. Overall RPE values rose steadily from minute
1O to 45 with mean range of 11.15 - 13.54 as illustrated in Figure 7. According
to ACSM recommended exercise guidelines, a healthy adult should exercise
within an RPE range of 12 - 16.
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Figure 1. KCAL in kcals/min during 45 minutes of the three different
styles of step aerobics.
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Figure 2. Absolute V02 in Umin during 45 minutes of three different
styles of step aerobics.
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Summary

The results of this study show that the use of the Power Air Ball will
significantly increase KCAL, V02, and HR during a step aerobic dance routine.
This is primarily due to the added 2 lb. weight of the BALL as compared to the
resistance of the TUBE and non-resistant arm movement. However, RPE for
the TUBE was significantly higher than the BALL and ARM step aerobic test
sessions. Therefore, although the BALL showed a significantly higher KCAL,
V02, and HR, it was not perceived to be a harder workout.
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Chapter V

SUMMARY, DISCUSSION, AND RECOMMENDATIONS

Summary

Twenty-seven college aged healthy females were recruited to compare
KCAL, V02, HR, and RPE during three 57 minute step aerobic routines each
using a different upper body resistance technique. Prior research has shown
that .45/kg and .91/kg hand held weights showed significant higher V02 rates
(Goss et al., 1989; Scharff-Olson et al., 1991) while other research has shown no
physiological difference for aerobic bench stepping with hand held weights (Rupp
et al., 1992; Toner et al., 1990). The purpose of this study was to compare the
physiological responses among the three different step aerobic dance routines;
one without any upper body resistive exercise product (ARM); the Power Air Ball
weighted at .91 kg.; and the green, intermediate Spri Tube (TUBE). Results
showed that the .91 kg BALL produced significantly higher (p <.05) values in
KCAL, V02 and HR over the TUBE and ARM treatments. RPE value for the
TUBE treatment was significantly higher (p<.05) than for the BALL or ARM
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treatments. However, this difference in RPE may not be a true physiological
difference.

Discussion

In this study, step aerobic routines were performed at a constant 120 bpm
with basic step patterns, and constant bench height of 20.3 cm. This provided
for a well controlled environment. Therefore any differences between routines
were more likely due to the resistive tool used and not leg movement or routines.
The percent of arm work which contributed to the total energy cost would
however, vary among each test mode and subject.
The results from this study indicate that BALL produced a greater caloric
expenditure during bench step aerobics than TUBE or ARM. The higher energy
expenditure with the BALL is consistent with other bench step studies using
.91 kg hand held weights, a 20.3 cm bench height, and female subjects (Goss et
al., 1989; Scharff-Olson et al., 1991 ). However, the results conflict other studies
evaluating caloric expenditure and HR differences while stepping on a 20.3 cm
bench using .91 kg hand held weights (Rupp et al., 1992; Toner et al., 1990).
Discrepancy in results may be due to the amount of arm involvement, arm
position, and variability of leg movement while stepping. Total KCAL for BALL,
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ARM, and TUBE were 362.25 (kcal/min), 344.25 (kcal/min), and 338.85
(kcal/min), respectively. The results showed the BALL added approximately 23.4
(kcal/min) additional kcals to caloric expenditure due to the increased effort of
arm and upper body muscles required to move .91 kgs (21bs) during the step
aerobic routine. This most likely is due to the added weight being repeatedly,
rhythmically, and continuously moved through full range of motion for the 45
minute test session. Overall, minutes 20 and 30 showed higher caloric
expenditure. Reviewing the video showed greater overall muscle involvement
including arm movement alternating between overhead and below the waist
combined with single leg movement and multiple leg movements (leg repeaters)
during these time segments. When stepping and performing leg repeaters,
subjects are using a greater portion of their total body mass to repeatedly lift their
body weight typically 3 to 5 times on the same leg. This study supports the
findings from other studies observing that greater arm work and leg work
requires a greater amount of body mass involvement and produces a higher
energy expenditure (Claremont et al., 1986; lgbanugo et al., 1978; Nelson et al.,
1988; Otto et al., 1986; Otto et al., 1988; Weber, H., 1974).
Furthermore, there was a significant (p < .05) difference between BALL
and ARM for V02 in both relative (26.16 ml/kg/min) and absolute (1.61 Umin)
values. The BALL provided a significantly higher (p <.05) V02 value than the
TUBE. This result supports the Scharff et al., (1991) and Goss et al., (1989)
findings where .91 kg hand held weights while bench stepping showed
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significantly higher V02 values over non-weighted test sessions.
The percent of maximum V02 values showed the BALL at a 65% level for
the 45 minute step aerobic routine. V02 values in Figure 4 showed all aerobic
step styles to be within the required 50 - 85% according to the ACSM guidelines
for each bench step style (American College Sports Medicine, 1990). Therefore,
V02 results indicated that STEP is an appropriate training mode regardless of
the upper body resistive products or whether simply using varied arm
movements. Also, the higher V02 with the BALL is important for increased
caloric expenditure for personal body weight management and enhanced fitness
implications as compared to ARM and TUBE step aerobic styles.
The BALL showed a significantly higher (p <.05) HR values over the
TUBE and ARM aerobic bench step styles. This may be partially due to the
added weight of the ball being repeatedly, rhythmically, and continuously moved
through full range of motion for the 45 minute test session. This result supports
the Scharff et al., (1991) and Goss et al., (1989) findings where .91 kg hand held
weights while bench stepping showed significantly higher HR over non-weighted
test sessions.
With the BALL, an average of 85% of HR maximum intensity was
maintained during the 45 minute step routine. As with V02, Figure 5 further
supports that HR stayed within the recommended intensity of 60 - 90% of
HRmax to promote cardiovascular fitness (American College Sports Fitness,

1990). This was true with all three bench step styles. Therefore, intensity
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monitored by HR was adequate for these subjects for eliciting a cardiovascular
benefit regardless of bench step style.
Rating of perceived rate of exertion (RPE) of 12.83 ± 1.23 for the TUBE
was significantly higher (p < .05) than the BALL and ARM values of 12.71 ±
1.350 and 12.31 ± 1.456, respectively. Mean RPE values indicated a
submaximal intensity during each test mode and fell within the ACSM guidelines
of 12 - 16 (American College Sports Fitness, 1990). The TUBE was perceived
significantly, yet modestly, more difficult than the BALL or the ARM test modes.
This could be due to the subjects learning how to handle the TUBE while also
keeping pace with the step aerobic video. This may have caused frustration or
anxiety during the test session using the TUBE. Overall, the test modes elicited
similar intensity responses as seen in Figure 7.

Conclusions

The findings of this study reject the first null hypothesis that there is no
KCAL difference between the BALL, ARM, and TUBE exercise modes while
performing step aerobic exercise. KCAL was significantly higher (p <.05) for the
BALL.
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The findings of this study reject the second null hypothesis that there is no
difference in V02 between the BALL, ARM, and TUBE. The BALL, weighted at
.91 kg, provided a significantly higher (p <.05) V02 value.
Findings of the study reject the third null hypothesis that there is no
difference in HR between the BALL, ARM, and TUBE exercise modes while
performing step aerobic exercise. The BALL showed a significantly higher
(p <.05) HR value.
Findings of the study reject the fourth null hypothesis that there is no
difference in RPE between the BALL, ARM, and TUBE exercise modes while
performing step aerobic exercise. The TUBE showed a significantly higher
(p <.05) RPE value.

Recommendations

1. Further studies should be conducted to observe the effects of weight
management using the BALL and TUBE over a 12-16 week training period.
Consideration should be given to arm positions above the head, shoulder height,
and below the shoulder level.

2. Further studies should be conducted to observe the effects of increased V02
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capacity using the BALL and TUBE over a 12-16 week training period.

3. Further studies should investigate the muscle conditioning effects when using
the BALL and TUBE over a 12-16 week training period. Observation of
additional benefits when using an upper body resistive product while doing
cardiovascular training would be beneficial to both instructor and participant.

4. Future studies should incorporate a larger and more homogeneous group of
subjects in order to provide a wider range of applicable results.

5. Future studies should investigate the change in step height while using the
upper body resistive tools.

6. Future studies should investigate the change in step choreography allowing
for more power moves while stepping with an upper body resistive product.
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APPENDIX A

INFORMATION TO KNOW BEFORE ARRIVING FOR EACH APPOINTMENT
prerequisite: Good working knowledge of bench step
1.

The purpose of this study is to examine the caloric costs, oxygen consumption,
HR, RPE, RER, and between two different upper body resistive exercise
methods while performing acute step aerobic exercise.

2.

You will be required to complete the following 4 appointments:
a.
Maximal oxygen uptake assessment using a treadmill protocol
b.
Fifty minute step routine with using:
(1)
TheBall
(2)
Spri Tube
(3)
Arms with no treatment

3.

Please do not eat anything 3 hours prior to each appointment.

4.

Please do not drink caffeine or alcohol at least 3 hours prior to each
appointment.

5.

Please do not do any type of physical fitness activity at any time during the day
prior to each appointment.

6.

Wear shorts, t-shirt, and aerobic shoes for each exercise assessment.

7.

Please keep to your scheduled time. Phone 581-5171 (Lisa) or 581-7229 (Dr.
Emmett) if there are any scheduling problems.

8.

You need to report to the Human Performance Laboratory, Eastern Illinois
University which is located in the Lantz Building. The Human Performance
Laboratory is located down the east hall from the Student Recreation Center
ground floor entrance. The door to the Lab is on the South side of the hall.
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APPENDIX B

INFORMED CONSENT FOR PARTICIPATION IN RESEARCH PROJECT

I,
, state that I wish to participate in the
research project conducted by Lisa Dallas.
The purpose of this study is to compare oxygen consumption, HR, RPE, RER, and
kcal between two different upper body resistive exercise methods while performing acute
step aerobic exercise. My participation involves approximately four hours of time in the
Human Performance Laboratory at Eastern Illinois University. These hours are divided into
four separate exercise sessions as follows: maximal oxygen uptake assessment on a
treadmill, step aerobic exercise using the BALL, the SPRI tube, and ARMS without
treatment. I understand that I will be following a videotape for the step aerobic exercise
sessions. During each session I will breath through a mouth piece which is designed to
sample my expired air. My heart rate will be monitored with the use of a strap placed around
my mid section (beneath my chest) and a watch placed on my wrist. I will also be asked my
ratings of perceived exertion regularly. Resting data will also be collected which includes
height, weight, resting heart rate, and body fat percentage.
I agree to not do any other physical fitness activity on the days I am to be assessed.
The benefits of this study include learning my maximal oxygen uptake consumption, and
enjoying a variety of step aerobic workouts. The personal risks are minimal and are those
associated with sore muscles and fatigue.
I understand that I can withdraw from this research project at any time without any
questions being asked. If I have any questions, Lisa Dallas has offered to answer them.
I consent to the anonymous use of my information for use in this research project.
Any photographs or movies taken during this study may be used in the manuscript and or
during lectures presenting this study.
I have read the above statement and do understand all risks and benefits associated
with this study. I freely and voluntarily consent to my participation in this research project.

Date

Signature of Volunteer

Signature of Witness

L
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APPENDIXC

INFORMED CONSENT FOR EXERCISE TESTING
In order to determine accurately my level of physical fitness and capacity for exercise,
I hereby consent to engage voluntarily in an exercise tolerance test to evaluate the condition
of my heart and circulation.
Before undergoing these test, I understand my medical history will be reviewed to
determine whether any condition is present which would indicated that I should not submit
to these tests.
The tests which I will undergo will be performed on a treadmill with the amount of
effort increasing gradually. The increase in effort will continue until symptoms such as
fatigue, shortness of breath, or chest discomfort appear, symptoms which would indicate that
the test should be stopped. I recognize that I stop the exercise at my discretion when I have
reached a point where I no longer want to continue.
During the performance of the tests, trained observer will keep me under close
surveillance by monitoring my heart rate and oxygen consumption.
There exists a possibility of certain changes occurring during the tests. They include
abnormal blood pressure, fainting, disorders of heart beat, and in very rare instance heart
attack. I understand that every effort will be made to minimize problems by preliminary
examination and by observation during unusual situations which may arise.
I have read the foregoing carefully and I understand its content. Any questions which
may have occurred to me concerning this informed consent have been answered to my
satisfaction.

Date:
Signature:
Witnessed:
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APPENDIX D

EXERCISE IDSTORY QUESTIONNAIRE

1.

Within the last 3 months have you engaged in regular physical activity? YES
If YES: list the type of activity(ies): _ _ _ _ _ _ _ __

list how many days/week: - - - - - - - - -

list how much time:

2.

Have you ever participated in step aerobics? YES NO
Months

If YES, list how many months and/or years _

Years

3.

Are you an aerobic instructor?
YES NO
If YES, list how long you have been instructing:

4.

Do you incorporate weight training on a regular weekly basis?
If YES: list how often you train:
list how long you have been weight training:

5.

Check the classes you have attended or taught before:
Low Impact:__
High Impact:__ High/Low Combo: _ _
Step:__
Interval: _ _

6.

How do you rate your current fitness level:
Poor:
Fair:
Good:
Excellent:- -

YES

NO

NO
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APPENDIX E

E.l.U. Human Performance Lab
Su bid· - - - Name_ _ _ _ _ _ _ __
Date
Age

---------

Minute

%Grade

HR

Test· - - - Weight._ _ __ Suprailliac._ __
Height._ _ __ Tricep_ _ _ __
Rest HR· - - - Abdominal _ __

RPE

V02

VE
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APPENDIX F

Borg's Scale of Perceived Exertion

6
7

Very, very light

8
9

Very light

10
11

Fairly light

12
13

Somewhat hard

14
15

Hard

16
17

Very hard

18
19
20

Very, very hard
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APPENDIX G

PRODUCT REVIEW
The following questions pertain to the use of the upper body resistance product you used
during the bench step test. Please circle one of the indicators (Poor, Fair, Good,
Excellent) which best describes your opinion regarding the product.
1. The product provided upper body conditioning
2. The product allowed limited stress on joints
3. The product provided versatility

PFGE
PFGE
PFGE

4. The product was easy to use while bench stepping

PFGE

5. The product would be a benefit for step classes

PFGE

6. The product was easy to hold

PFGE

7. The product allowed easy transition from one arm move to another P F G E
8. The product was an effective cardiovascular enhancer

P F G E

9. The product provided a challenge element to the work out

P F G E

10. The product provided an effective method of combining
muscle conditioning and cardiovascular training

P F G E

11. Overall perception of the product

COMMENTS:

P F G E

